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OF Cedrus deodara LOUD.
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JH MIMICS FROM THE WODD OF CEDRUS DEODARA LJUD,

RBSTRACT

This Chapter describes the investigation carried out

on the acetone sxtract of wood of Cedrus deodara in order to

~

locate the jH active components, Thse considerasble JH activity
observed in the acetons extracé was located on twoc major compo-
Hents of the acidic fraction viz. 7(8)-dshydrojuvabion (X) and
7-hydroxy juvabion (XIII}. 1In all, seven acids uere isolated

as methyl esters and characterised ssgentlially on the basis of

spectroscopic evidence,
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JH MIMICS FROM THE WomD OF
CEDRUS DEODARA LOUD.

INTRODUCT ION

The genus Cedrus {family; Pinaceas; sub-family;

1,

Laricoideas) consists of four species (1) Cedrus deodars

Loud (2) Cedrus libanotica Link (3) Cedrus .atlantica Mannst
and (&) Csdrus brevifolia Hook. F.

Cedrus deodaraz’3 {("nNeodara" in Sanskriti "Deodar" in
Hindi, Marathi and Kashmiri), the Himalayan Cedar is a
native of the Himalayan mountain region. The tree grows
in the northuestern Himelayss, Kurum valley and Chitral,
gt an elauétion of about 1400-3500 m3. It is a beautiful
and graceful tres of pyramidel outline growing to a height
of about 50 m. Its leading shoote and extremitiss of
branchlsets are droopingj the foliage is dark green or
bluish~green;a the leaves ars three-sided, solitary, on
almngaﬁed‘shocts, but in dense clusters on arrested branchlets,
catkdns: are cylinderic and singlej the cone 1s‘erect,
10~%3 cm long; scales are thin, rounded and the sesds ars

-2 The wood is aramétic, oily, not attacked by uhite

winged
ants, moderately hard and dursble. It is 6ne of the most

highly valued timbers of India.2 The wood on steam



distillation yields an essential ail with a pleasant

balsamic odour,

The essential oil of C. deodara has been the subject
of investigation by a number of authors. A revisu of
their results is presented later in the Thesis
{(Chapter V), |

JH activity of wood extractives

It had been reported that acstone extract from the
wood of L, deodara shows coOnsiderable Juvsnile hormone

(JH) activity towards Dysdercus koenigii. Screening of the

total essential oil from C. degdara as well as.several
individual compounds {o¢and f-himachalene, himachalocl,
atlantone stc,) showed® that though a few of these do mimic
JH activity, the activity is much less than that of ths

total wmoa extract,

Subseguently, it was fOund6 thaf the wood of
C. deodara contained a- number of sssquiterbane acids. and
the JH activity resided in thess compaunds.' Analysis6
of the acidic portion as methyl esters-yielded (+)-10,11-

dehydrojuvabion (1) and two mixtures, one reportedly

~o
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containing (II) and (I1I) and another containing (IV) -
~and (V) end (VI). Though all possible methods (column
chromatography ﬁf acids, separation of acids via cyclo-
haxylamine salts and various derivatives, preparative GLC
of esters etcs) ware employed to isclate the individual
components; the desired separations could not be achisved,
However, from ths prsvious worg it could be concluded

that to achisve the objective of isolating pure compounds

the following points have to be kept in minds

1) It is easier to handle the methyl esters
than the acids and that any investigation
should use the total methyl esters as

starting mixture.

2) The isolation procedurs should be so
planned as to avoid all conditions that

might lséd to formation of artefacts.

These factors were taken into consideration in the

prasent invéstigations.

24
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PRESENT INVESTIGATION

Cold pesrcolation of the powdered wood of C. dsodara
with acetone gave an extract (18%) which after solvent
stripping was mixed thoroughly with celite. Cold percolation
af this celite-extract mixture with petroleum ethsr gave
petroleum ether solubles (73%), the JH activity of which
was determined using 4 hr old instar nymphs of ths red

cotton bug; Dysdercus koenigil, as test insects. Farnaesyl

methyl ether was used as the standard. The results are
summerised in Table 1. The pet. éther extract was segrsgatsd

into the neutrals and acidic parts in the usual manner.

Table 1 3 JH activity of wood extractivss

Compound Dose in ug . | -

10.0 1.0 4 0.1
Scare

Acetone extract 2.2 0.0 -

Total pet. ether extract 1.5 D.0 -

Neutrals 0.5 8.0 -

Cruds esters . ’ 3.4 1.5 -

Farnesyl methyl sther 1.5 0.0 0.0

Score represents mean of tuwo experiments, sach of
which was carried out using threse replicates of

15 nymphs each. Nymphs which success?ully moulted
wera characterised and scored as: normal adults (0)3
adult nymphs (1); intermediates (2), nymph—adults (3)
and sixth instar nymphs (4).
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In visw of the enhanced JH activity of esters they

usre analysed for indlvidual components,

SEPARATION OF ACIDS

The total acid part was converied into the corresponding
methyl ssters {EHZNZ method). Fig. 2 shows the HPLC elution
pfafila‘mf the total ssters using UV 254 nm detector, {all
‘the ssters isclated during prior work absorb in 254 nm region
due toe(, f -unsaturated estsr chromophore). It becomss -
clear on the basis of HPLC {(Fig. 2}, TLC (Fig. 3) and
GLe (Fig.lﬁ} that the total esters ars composed of one

major and many minor components.

The esters were chromatographed over a column of
silica gel to give two sstsrs in purs sﬁate. Spectroscopie
evidence (see expt.,) identified the tuo as methyl esters

~of dleic (VII) and tetracosanolc acid {¥III).

, - CHq - (cH,) -~ cH = o - (EH,), ~ COOCH,

C (VI

CHy - (CH2122 - TOOCH,

(vi1n)
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FIG.3: TLC OF COMPONENTS FROM TOTAL ESTERS

SILICAGEL PLATES SOLVENT SYSTEM:® ’
(50 % ETHER/ LIGHT PETROL)

(1) TOTAL ESTERS (2)METHYL OLEATE
(3) METHYL 4 — (R) —LIMONENE 8(E)-9—CARBOXYLATE

(4) 7(8)— DEHYDROJUVABION (5) METHYL GERONATE
(6) METHYL 4— ACETYL —I— CYCLOHEXENE CARBOXYLATE
(7) 7—HYDROXY JUVABION '

33
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8 - : | |
COLUMN STATIONARY PHASE 10 % SE - 30
, SUPPORT. CHROMOSOR3 W  45-60 MESH
A COLUMN DIMENSION  7inx0-25inch . ..
~ _ .COLMMN TEMP  200°C ‘
6l o CARRIER FLOW: €0ml / minde. .
" | DETEGTION . TC MODE 'n=RRI
\b
'

RETENTION TIME {(MINS.)

FIG-4: GLC OF TOTAL ESTERS



Further chromatography failed to give any pure
compound. Subseguently, the total esters were distilled
and both the residue and distillate tested for JH activity
(Table IT) as described sarlier (page 30).

/

Tahle I1 ¢ 3JH activity of esters towards
D. koeniglil

Dose in  ug

Nams 10.0 1.0 0.1
Scora* '
3.4 1.5 D.D

Total esters

Distilled esters 3.3 1.4 0.0
Residue 3.0 1.0 0.0
Farnesyl methyl ether 2.0 8.0 0.0

'*For detalls of scoring see Taebls I.\

Distilled'Esters

The distilled esters were chromatographed on Medium



Pressure Liquid Chromatograph (MPLC) using as sluent
chlorofaorm with increassing pnercentage of ethyl acetats

to effect a broad separation into seven fractions (total
recgvery 97%). Fractions 1,2,3 (total 13% of eluate)
consisted mainly of fatty acids and were not investigated
further (Chart I). Fr. 4. on chromatograPhy over éilicaA

gel gavs following BOmQOUndSSl

e .
(+)-Mmethyl 4(R)-1imoner8{E)-9-carboxylats (IX):( TLC:

Re» 0.653 GLC: RRT, 1,0.; HPLC: peak No. 3). The fraction
eluting with 4% diethyl sther in pet. ether was found to
be homogenous. The diatillad‘compound, a colourless

liquid C12H1BD2 (M+: m/ e 194) shous following spectral

- featuress

IR (Fig! II-1): 1720, 1640, 1230, 1210, 800 cm™ .

PMR (Fig: 11-2)s 5,61 ppm (1H, s, -C=CH-COOMe); 5.35 ppm
(1H, unresolved triplet, —C=CﬂfCH2-); 3.61 ppm (3H, s, -
-caoggs); 2.12 ppm (3H, s, ;§5~C=CHCUZM8); 1.63 opm

(3H, s, Cﬂ5~C=CH). These spectral features are in
accordance with the structural requirements of methyll

esterof{ +)-limonene carboxylic acid (IX) isolated from

'C. deodara earlier.7
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Comparison of ths electron induced fregmentation pattern
of the ester with that reported of the acid earlisr7
confirmed the structures.

(+)~7(8)-Dehydrojuvabion (X): . (TLC: R,, 0.55; GLC

?»

RRT, 15.35; HPLC Peak No, 10).

The major fraction sluted with 4% ether/pat. ether
shousd only a single peak on GLC (10% s£-30, 200%C),
Haﬁaver, by HPLC column (Zorbax éil) it was Pound to be
impura. This ﬁompound vas purified by preparative HPLC
on a spherosil column using‘MasH;hexane as aluyent to
give essentially TLC, GLC and HPLC pure compound. This
compound analyses for Cyghns0s (m‘, m/e 264). The IR
spectrum (Fig? II-3) of this compound shows that it is an
Unsaturated keto-ester (C=0, 1712 anc 1685 om™ ', C=C, 1648 cm™ 1),
This is supported by its UV spectrum ( 'gz:H t 237 nm,

&= 11040),

Its PMR spectrum {Figs II-4) shows a 64 doublet centered



at 0.91 pom {3 = 7 Hz) assignsbls to CHy~CH~CHy §

singlst at 3.67 pam {~csﬁgﬁa} gnd twd singlsets at 5.897 and

g 34

6.51 ppm {*H sach) assignable to olefinic protons In
® ~ and § -positions respectivsly of & sf-unsaturated
carbznyl compounds and a sharp singlet at 2,10 pom
assignable to a methyl groun as in CﬁG'C=C—. The above
Sﬁect?él datz indieatzs thei the compound wnoesr olscusslion
may be 7{B-dshydrojuvebion {X).

This conclusion fings support in the slestron induced

fragmentatiaon of this compounc as depicted balow. This is
85{32%}

57 (31%)

% m+~m~335n = 232 {24%)

MeOOC (79{14%}

y

207 100%]

the first reported instance of the isolgtion of this

compound In pure form from maturs} the compound houwsyer,

hat been synthssised sarliar.a
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Burger gg;gi.a had synthesised (~)~7(8)~-dshydro~
juuaﬁion starting with (-)-meﬁhyl perillate having S-
écnfiguration at the asymmetric centre. Since the
compound isolated from C. deodara has s positivse 8pP.
rotation (+ 23.4° ¢. 2.58), the absolute stersostructure

'af this compound should be as depicted in(X}

0

) \ LCO0Ne
P ' {(X) (xit)

Methyl geronate (XI): (TLC: R,y 0.45; GLC: RRT, 2.06).

The fraction sluting with 8% ether/pet. ether uas
impure and attempted purification by repeated chromatography
/ T
falled, Eventually, purification by preparative GLC gave

a TLC pure compound.

This compound ( CQDH1803’ m*, m/e 186) displays in
its IR spectrum (Fig! II-5) absorptions. at 2943, 1722, 1135,
1165, 1195 and 1360 cm™'. 1Its PMR spectrum (Fig! II-6)
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shouws following featurest (c_aa)z-c-cnncn3 (64, s, 1.15 ppm)}

CH,=C=0 (3H, s, 2,045 ppm)s -COOMe (3H, s, 3.625 ppm);
-CH,-CO (2H, m, 2.28 ppm)3 1.32-1.5 (4H, m).

On the basis of above structural features, the
compound was identified as mathyl'geronats'IXI), The
structure was confirmed by .mass spectral fragmentation
pattern identical with the reported pattern.g

" methyl geronate has been obtained as a degradation

product of carutenes’a and also during ozonolysis of

ﬂ3~himachalene}1 The genesis of ths compound in L. ‘deodara

is uncsrtain.

Methyl 4(R)-acetyl-1-cyclohexensjcarboxylate (XII): Res

0,39, GLCs RRT, 2.383 HPLC peak No. 15

4

The fraction eluting with 10% sther/pet. ether uas
homogenous on fLC (509 ethef/pet. ether). This compound
' (é1ﬂﬁ1a83' n* m/e‘182) is Elearly an ,8~unsaturated
" ester as.is evident‘/frgm its uv (/\‘?;SH 2520, &€= s10n0).
CIts PNB Qpectrum«(FLg: 11-7) disp;ays.a sigﬁa; in olefinic
region'éf 6.93 pﬁm‘(1H; 5) cha;acéeristié for thsf?-prqtan

of X ,f-unsaturated ester group viz, CH=C-COOCH,

1 prasant



in all %ha C..deodars acids identified so far and a sharp
singlet at 3.69 ppm (3HY} for ths —CDGCE_S protons. The

" compound also displays = sharp 3H singlet at 2.14 .ppm
attributable to CH,-C0.

’

In its IR spectrum (Fig: I1I-8) the compound displays
ebsorotions at 2960, 1715, 1700, 1260, 1170 and 1040 em” 1,
The above spectrél features point out that the compound -

under discussion may be (lel This normonoterpenic ester

Me0OOC i
' (X1}

apperently is an artefact arising from the retrcfaldol
" fragmentation of the tertiary aleohol{XIII)whipch was later

igspleted from the acidic fraction. The stereochemistry

"OH

MeOOC

(XD (X11)



of XII and C~4 thus Follows as that In(XIID.

Analogous fragmentations are:

13

, 1) Fragmentation ~ of atdantolone (XIV) on

GLC column to give the enone(xw.
0

OH ?
- ‘ NN
i//[::::::[’/t\\\//J\\\
‘ +

XI1Vv) xV)

i) Frag'mentation13

of the tertiary aleohol{Xy1l)
to.give\4~methy1-ziz-tetrahydrnaéstophenone

- (xviT).

-

OHOQ

(XVI) ~ CxVI)

7-Hydroxy juvabion (XIID):s(TLC: R

ps 0.23)

Isolation of the normonoternenic ester {XII) led

43
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us to expect thét the tertiary alcohol (XIII) could be

one of }he constituents of the total esters, - . Its structure
reveals it 1; a highly labile compaund susceptible to
fragmentation under basic and thermal conditions.

Several attempts to isolate this precusor to both (X) and.
(XI1) did not frutify. Finally, this goal was achieved by

following the isGlation procedure outlined below.

The total light petroleum ether solubles was
extracted with 5% sodium csrbonate to give on usual work-up
at 2°C acids (B.9%) which were immediately esterified

(CHZNZ)' Flash .chromatographic separétinn14

of the esters
- over a cOlumn of SiUz,(Grade IV Aa) gave fractions which

were monitored by IR for -OH absorbance.

The fraction eluting with 20% ether/pet. e%har vas
found rich in ~94 content and subssquently purified by
preparative TLC to give a TLC pure‘(Rf 0.23 50% &ther/pet.

ether) compound.

This compound (616H2604’ M*, m/e 282) reveals in its
IR spsctrum (Fig?: II-9) absorptions for hydroxyl {3500,

, L , - - e .'
1080 cn”') and estar (1710, 1250 cm”') functionalities. In its
PMR spectrym (Fig?! I11-10) the compound displays a signal
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at 6.90 ppm (1H,” s) characteristic of olefinic proton
belonging tﬂcxvﬁiunsaturated ester system viz, Cﬂ784CDDCH3_

~

of dehydrojuvabion skelton (X).

-

A sharp singlet centered at 3,66 ppm (3H) is
attriSuted to -Cﬂqtﬁa{ The spsctrum fufther shows absorptions
at 1.13 ppm (3H) which can be assigned to protons of a
methyl group at£achad to carbon caprying a tertiary
hydroxyl function, A doublet at 0.93 ppm (BH, d, J = 7Hz)
reweals-thé presence of two geSminal methyl groups in the
compound. Signals at 2.23 ppm (2H) and 2,47 ppm (2H) are
attributable to -CO-CH,-C- snd‘~C(DH)—CﬂQ-CB- grouons
respegtiuely. Rll this spectral evidence clearly point
touwards the structufs (X1I1) assigned for the isolated

alcohol,

The thermal lability of the compound also supports
the above structure. Although homogsenous byltlc, the
compound partly decomposes o give the keto.astar (x11)
when analysed by GLC (5% carbowax, 150°c). Attempt to

distil the compound also led to its fragmentation (NMR)

to the keto aster (xxi).

v

chemical evidence advanced in confirmation of the

steresostructure (XIII) is given belou:
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Treatment of the compound with slightly acidic (pH-4)
silica gel {gradse I;A) in sther for 2 hrs followed by
Filtrationuand solvent removal gave a dehydrated product
identical in all respscts (TLC, GLC, IR and NMR) with
7ka~dehydrojuVabion, isoclated from C; deodara as described
sarlier. Thie result confirms the stereochemistry at C-4

but leaves undecided that at C-8,

JH activity of isolated ssters

The JH activity of the two sesquiterpenic esters
isolated from L. deodara was detsrmined using 4 hr old

last instar nymphs of D. kosnigii as usual. The results )

are glven in Table III.

Table III: JH activity of isolated esters

Dose in ug

Compound
N R 10:0 100 * 001
Score
DéhydIGJUVabisn(x) 3.5 1.5 ' 0.0
Tertiary alcohol(XITI) 3.5 1.5 0.0
Farnesyl methyl ether - 2.0 0.0 0.0

*For details of scoring, see Table 1.
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It is now clear that the JH activity of C. deodara
éxtract is essentially duse to the major acid components
of the extract viz, 7(8)-dehydrojuvabion (X), and |
7-hydroxy juvabions both of which have the same degres
of JH aétivity, which is several times higher than that

!

of farnesyl methyl ether.

1

.Chemical constituents of the
distillation residuss '

Since the distillation residue showed JH activity
(Table 11), this was also examined, IR spectrum obf the
complex mixture {not distilled at 240°¢/0.005 mm in
Kieglrohr unit) shoued absorptions due to OH (3450, 1080 cm_1)
c=0 (1710, 1245 em” ') and -CH,- (2940, 1430 em™ 1)
groupings. The PMR gﬂectrum showed large comolex signals
due to methylene protons (1-2,5 ppmy  55% of all the
protons) signals of tertiary.methyls (ofsé, 0.94‘ppm),
-CO0OCH, (§.65 ppm) ~Cﬂ2-0 (3.4-4.0 ppm) groupings and very

weak signals for olefinic protons (5.0-6.5 ppm).

TLC analysis of this fraction using several solvent
systems {pet-sther/ether; chloroform-ethyl acetatej

acetons, henzsne-ethylacetats, benzaq%—methanol)‘showed



only long streaksj no individual spots could be identified,
Chromatoqraphy over a column of silica gel did not

resuylt in any worthwhile separation., TLC analysls af
chromatographic fractions also showed only streaks and

no identifiable spots, This was tgere?ure not further

pursued,



EXPERIMENT AL
!

ARll melting points and boiling points are uncorrected.
Pet, sther refers to the petroleum sther 8.p., Praction

60-80°.

Optical rotetions were measured in chloroform at
room temperature (30 + 20) on a Hasnsch-Schmidt Polartronic I

Polarimster,

y.V. spectra were faken on Perkin-Elmer spectrophoto-
meter model 402, in 95% ethanol. IR spectrs were recorded
as smsars (liguid) or in solution (CCla) or in Nujol (solids)
on a Perkin~Elmer grating spectrOQQter model 267, PMR
spectra were taken in 10% so0lution in CCl4, on a Perkin-
Elmer 90 MHz spectrometer, model R32-with TMS as internal
standard} signais are recorded in (ppm) relative to TMS
as zero, While citing PMR daté the follouing abﬁreviatians'

‘ {

have been used: s, singlet; d, doublet; t, triplet; gq,

quartet, m, multiplet; b, broad.,

Mass spectra were determined on a Varian Mat CHZ
Mass spectrometer using an ionizing voltags of 70 eV and
a direct inlet sys¥aml besides the molescular ion, eighé most
abundant ions, above m/e S50 are reported uith their relative

intensities.
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GLC analysis were carried out on Heulett-Packard

model 5712A Aluminum columns (72" x 1/4" 1,D)

packed with 104 SE-30 on chramoéorb W (60-80 mesh) unless
otherwise stated, Hydrogen was used as the carfier gas,
at 60 ml/min flow rate. Preparative GLC was carried

out Sn Hewlett Packard model 7624A using Al. columus
(144 x 3/8" 0.D) packed with 54 carbowax on chromosorb W

(£0-80 mesh) at 100 ml/min hydrogen flow.

Silica gel for column chromatograchy (100-200 mesh)
and for flash chromatograshy (200-350 mesh) activated

S Il was

at 125-130° for 6-8 hre and standardised.
carried out on silica éel (-200 mesh) layers (0.3 mm)
cohtaininé 10% gypsﬁm, visualization of ths spofs was
carried out uith'1% Vanillin in HsPo, ag. (304) or conc.
H,50, spray followsd by heating at around 120% for 10 mins.
Preparative TLC was carried out on 1 mm thick silica gel
places. \

. Nediuﬁ pressure ligquid chromatography (MPLC) was
carried out on a Altex glass column (100 x 2.5 cm I;D)
Hacked with active Woelm 32-63 grade silica gel at 40

psi pressure at a flow rate of 10-15 ml/min.
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High pressure liquid chromatography (HPLC) was
Carried out on DuPont B48 instrument uith 4, 6 mm x 25 cm

3\
sta&nless stesl columns packed with zorbax-sil pack%g@aa Iﬂ\@e\ﬁz

NP
2 < “c‘@ hA
Praeparative HPLC was carried out on the same inatnﬁfagg““"ﬁgf‘gg\a
».J &
uith 2,5 x 44 cm column packed with Spherosil pack{ﬂ%? A )*;2
; 'g- N ',»‘3{3»' 4 :2*5
oo \‘ R X ,{:

0,) 3 . n: Ty 4} |

All solvent extracts were washed with -brine aqff}g-;ﬁxf{Q?
dried over anhydrous sodium sulfate bafore the solvg\t o T

removal, Ether refers to diethyl ether,

£

Extraction of wood

' : *
Deodar wood dust ~ (12 kg) was cold extracted with
acetons at: 30-32°C and acetons removed Qsipg a Eyclon
evaporator at 38°C under vacuum ( 200 mm) to givé a thick

‘bro@nish liquid ‘(2;2‘kg;'18.3%).

Broad separation

' The acetone extract (900 gm) of C. deodara wood dust was

. thoroughly mixed with celite (f.B kgP and cold extracted with’

Tha wood of .C. deodara was obtained from , a 10 year
old fellsd sfump in Handwara region of Kashmir. The
wood was cut into small chips and latsr pulverised in
‘a ball mill to give the dust.
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Petrnl§um ather to furcnish afisr aﬁlvent'rsmaual a

dark hroun, pleasant smelling sextract (590 a3 ES5e5%) «

The petroleum ;ther sxtract {530 q) =8 obtained

above was taken in light petroleum ether (IL) and cold
extracted (5°C) with 54 NaOH (5 x 1 1). The orgenic
phass uas_uashed with water {2 x 1 1) and the uashings
combined to give NaOH exttact {A). The combined aq, ahase
{A} was washsd with sther {z-x 1 1} to remove any non- |
acidic materisl and the washings combin=d with the organic
phase. The combined organics wers dried {anhyd. NEZSBa}
and solvent stripping =t 38% gave brownish coloured liquid

(504.,9 g) kept.asids as neutrals.

l

. Théraq.iéxtract {#) was cooled to p° and acidi?ied
with 2q. shosphoric apid at 0° + 270 till the extract
was aclidic to iitmug.‘ It wes next cold sxtractad (o® + 4°2)
with sther {10 x 1 1} =and theethar layer dried (anhyd. ‘
Na,S0,) . femovsl of solvent furnished the zcids as dark

brown gum (30 gms).

Fsterification of total acids.

»

The acidic part (30 gms) wss dissolved in sther {300m1)

ang the solution cogled t8 a°. Stheresel solution of'



]Liqht petroleum extract[

\ )
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a) In Light

59 ag.
at 5 C

gms.

(W
(%

petrol (1 1)

NaOH (5 x 1 1)

NzOH- extract

Organic. phase

Washed with
uater
(2 x 1 1)

Water washing

(2 x 1

Wash miﬁh ether

1)

[NaOH extract

a)
b)

o

Acids

Acidigied with

.at 0°C

Extfgqtedouiih
at 0° + 4°C
Solvent removal

Dark brown gum .
(30.14 gms)

Chart 20

Mrganic phase |

H,, PO

Mrganic Phase

e

3 74

ether (10x1 1)

solvent
removal

Neutral part

Brown coloured liquid

- (504,9 gms)

Broad separation of Light
Petroleum extract of C.

deodara
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dlazomethene (CH N, wee Qédad in amaliypurt£§na
| (10% excasgf with sheking at 6-57C until the Qao vl
Leuulutiuu ceasad.. Tha reastion mixture was next
kept Por 2 hours at 0-5°C, Removal of ether |
furniched the methyl coter (29,4 pme) =23 o

dark brown .gum,

Cheomstography of tho total gater paet.

The total aatar_(??.f gﬁaﬁ usres chromatographed

on silica gel IIT A (250 gmog 3.5 » @0 om) end the

follouing Practlions were obtsinedy



Chromatogram - I

oM

Fr. No, Eluent _ Vol. of eluent ' Weight
— (ml) (9]
1 Pet. ether "5 x 250 -
2 5% CHCl,/pet. sther " B x 250 1.9078
3 10%‘:Hc13/pet. ether 6 x 250
0.0530
4 20% CHCl./pet. ether 6 x 250
5 T:1 CHClz/pet. ether 3 x 250 0.0474
6 11 CHCL,/pet. ether 11 x 250  3.7238
7 CHel, 2 x 250 1.2428
8 CHE 1, ‘ 5 x 250 2.0812
g 10% E‘tDAc/CHCl3 9 x 250 0.5837
10 10% EtDAc/CHCl3 | 5 x 250 0.7500
11 MeOH 6 x 250 1.7093

Total rscovery 12.0990

No other fraction than Fr. 2 gave any pure compound

on repeated chromatograshy. Fr. 2 (0.6900 gms) was

i ’



rechromatographed on silica gel 118 (55 gms} 136 x 1 cm)

end following.fractions collected.

Chromatogram -II

Fr.No. Eluent Vol. of eluent Welght
S S {ml1) (9?
1 Pst. sther 5 x 100 -
2 1% CHClS/pét. ether 5 x 100 -
3 2% cHCl,/pet. ether 5 x 100, -
4 3 3% CHc13/pat. ether 5 x 100 -
5 4% CHC1,/pet. ether 5 x 100 -
6 5%‘CHC13/pet. ether va 100 ° -
7 7% CHCl,/pat. sther 5 x 25 0.1001
B 7% CHCl./pet. ether ‘13_x 25" _ 0.0848
9 9 CHCl,/pet. ether 13 x 25 0.0257
10 12% CHClS/pet. ether 1; ; 25 0.0258
11 159 CH013/pet. sther 11 x 25 0.0693
12 20% CHCIS/pet. ether 25 x 25 5.1307
13 50% caéls/pet. sther 10 x 25 © 0.0222
14 cHC L, 10 x 25 0.0332

15 - EtDAc - 100 x 5 - 0.0963

Total * ' D.5881 g

oy
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Fro. B on crystallization with acetonitrile gave a
uhits crystalline solid (0.0426 gi m.0. 56-579C) identical
on the basis of physicsl and spectral (NMR, IA, Mass)

characteristics with methyl tstracosanscats (VIII),

Fe, 8-12 of ahraﬁatﬂgram - II were homogenous and on the
basis of physical {tlc) and spectral (NMR, IR, Masa)
. characteristics were identified as methyl oleate {VII)..

All othar Fractions were impure.

Distillation of ssters.

Total esters (12 gms) were distilied at 100-240%(bath)/
0.005 mm o give the distilled esters { 8 gms) and

regidus (3.8 gms}),

Medium pressure liquld chromatography of ths aesters.

Distillsed esteré {7.8 gmé) were chromatagraphed by
loading on a pre-column {2 x 25 em} and eluting at

4D ‘osi through z larger column {100 x 2.5 om)a



Chromatogram - 111

Fr. Eluent Vol. of sluent Weight
— e—— ) {(m1)
1 Chloroform 7 x 40 0.0082
2- Chloroform . 3 x 40 B.éBGB
3 Chloroform 1 x 40 0.6176
4 ﬁhlororo;m 1 x 40 ‘ 3. 6041
5 Chloroform 2 x AD 2.55{2

‘6 10% sthyl acetats/

chloroform 5 x 40 i 0.2500
7 EtDAc : 12 x a0 8,2100
7.60B4 g
Total

~

Fre 4 (2.4 gms) of the above chromatogram was rechromato-

graphed on silica gel IIA {60 gﬁs; 2.5 x 22 em) and

1

following fractions collected:



Chromatogram - IV

Weight

0.0918
0.0982
0.5486
00,5778
0.2036
0.1000
0.0615

0.0704

Fr. No, . Eluent "vol, of eluent
- ' {m1)
1 Pat. aether 10 x 50
2 2% ether/pet. ether 7 x 50
3 4% ether/pst. ether 6 x 50
4 4% ether/pete.sther 10 x 50
5 ' 4% ether/pet. ether 6 x 50
6 . &% Bthqr/pet.het%er " 4 x 50
7 8% ether/pet. sther B x 50
8 104 ether/pet. ether 8 x 50
9 20% ether/ﬁet. ether 4 x 50
Total

1.7519

(+)-Methyl 4(R)-limonene-B(E)~-9~-carboxylate (IX)

Fr. 3 of bhr&matogram—IU was found homogenocus on tlc

(S

(Bf\0.65, 50% ether-pet. ether) and uUas distilled, b.p. 130~

‘n30c5

135%(bath)/8 mm nJ7t":

t 1.4810: found identical (IR, NMR)

with the methyl ester of limonenecarboxylic acid M* m/e
! A

D



&5

194 (30.5%)3 94 (10@%};‘101 (s1.88)3 8BS (29.1%); 93
(27.7%); 87 (19.4%)5 68 (13.9)3 B {13.7%)y. 57, 135

(12.5%) 3 102 (11.1%).

7{8)~-Dehydrojuvabion {%}

Fr. 5 of chramatogram~fu evan though homogenous On
tic (50% ether/pet. ebher) and GLT (10% se-30, 200°C)
was found to be impure 0ON uoLe {zorbax sil Me@H-hexans

254 nm UY detection).

It was purified by preparative HPLC. This fraction

. ugs injected (BD;iﬁ_ul‘as 1% solution in MSDQ saturated
hexane} on the columa yia., =@ iuap (1aé‘u1) and eluted’at
ambieﬁt temperakture { 308;).uith methanni saturated hexane
a% a rate'cf &0 ml/min {pressu?e 43800 psis attan&uation
164 chart saéed:1“/hiny.‘ﬂfhe gluent was detscted by &

Uy cell (254 nm) to give'after leQeﬁt removal HPLC, GLEC

and TLE purse aster {Rf. 0.59% 50% ether/pst; gther)

jdentified as 7{8-dehydrojuvanion(xh .
; o - 30
_ B.p. 1860-165 {bath) /0.6 mm , np° 3 4 .4980 -
25 o L ELOH - .
(5> + 23.4 (CHC1,.C 1%y WL 237 rm (€= 11,040)

3
<

o



m": m/e 2687 (23%); 207 (100%); 59 (54%); 95 (39.1%)
147 (35.1%)3 85 (32.4%); 57 (31%); 204 (22.7%); 119,

232 (24.3%). (Found; C, 72.523 H, 9.107; Cq o0

2473"

regquires C, 72.72% H, 9.09).

Methyl geronate(XI)

Fr. 7 of chromatogram-IV was next purified on
prepsrative GLC to give a GLC, TLC pure ester (Rf 0.45%
504 sther/pet. ether)‘idsntified as mathyl geronaté kI,
b.p. 135-140 bath/10 mm.

m*s m/e 186(10%); 43 (100%); 102 (66.1%); 69(63%);
73(40%) 5 129 (32,3%)3 109 (27%); 87 (20%); 55.83 (18.4%)
7 {17%); 59 (188); 111 (14.6%); 154 (10.7%).

-

methyl 4-acetyl-1-cyclohexene-1-carboxylats(XII)

Fr. B8 of chromatogram-IV¥ =ven though a single

compound by -tlc was found to be only 92% pure on GLC
v ‘ ‘ ) ‘

(sE-30, 200°c).n é;p, 1@57150° (bath)/5 mm. ngg'S :
1.4913 (=% + 3.68% (CHEL,, €. 3%). |

n: m/e 182 (1.02%)35 43 (100%); 139 (79.16%); 79 (54.01%);
107 (50%); 150 (41,661); 59 (16.66%); 108 (1.02%),

«BD‘({.OD%);

J—"tY



Separation of acidS‘uitq sodium carbonate

Acetone extract (450 gms) of C. deodara wood dust
was thoroughly mixed with celits (900 gms) and cold
extrocted with pet. ether to furnish after solvent

removal the pet. sther extract (327 gms).

The above extract (327 gms)‘ués taken in light
petroleum ether (1 1) and cold sxtracted {(0°) with 5%
Na,Clq (€ x 500 ml). The organic phase vas washed with
water {2 x 500 ml) and ‘the washings combined to give the
Na,CO, extract (B). The combined an. phase (B) was
washed with ether (2 x 500 mil) t; remove any .non-acidic
carried over material and the Gashings bnmﬁined with the
organic phass. The combinsd organics uére dried (anhyd.
NaZSD&) and SDluént stripping at SBQC gave brownish

' ¢olourad liquid (293.gms} kept aside as neutrals.

The Na,CO, extract {8) wes cooled to 0% and acidified
with sq. phosphoric acid at o° + 1% till the extract was
acidic to 1itmus. It was next cold extracted (0® + 1°c)
vith ether (6 x 500 ml) and the ether léyer dried (anhyd;

NaZSU&).’kRBmDVal of sGlusnt-Furnished(acids aé,dark‘broun



Light petroleum extract| 327 gms 6 3

a) In light petrol (1 1)
b) In s%oma2c03 (6x500 m1)

at 0°C
N32C03 extract Organic phase
Washed with
H,0 (2 x 500 ml)
Water washing
© - Organic @hase[
Wash with ether g
at 0 (2 x 50 ml)
Na,CO, extract Organic phas%
( L
a) Acidified with H.PO, Solyent
at 0°C :
removal

b) Extn. with ether (6x500 ml)

c) Solvent removal at 30°C

Acids 29,34 gms Neutrals{ 293 ms

Dark broun qu
esterified (CH,N,)

l Esters‘

29 gms
CHART 3



b4

gum (29.34 gms). The acids thus obtained were immediately

'astafiéied (CHZN method), -

2

Flash chromatography of total esters,

~ Total esters (1.5 gms) were chromatographed on
silica gel {IV-A) (20 gms; 1.5 x 30 em) and following

fractions collecteds |

Chromatogram -V

. Fr. Eluent Vol, of eluent - - Ueight

(ml) A (9)
1. ,pat;.ether' s xa C 0. -
2 Pet. ether s wa0 0.2404
3 '2% ether in pet. ether 5 ; 40 . 0.D495 \
4 - 5% ether in pet;-ethe£ 4 x 40 0.2355
5 10% sther in pet.ether § x 40 | 0.0457
6 '20# sther in pet.ether 2 x 40 . 0.0577
7 20% ether in ﬁet;ether'? x 40 . 0.0967

8 . Ether 2 x40 - D,5151

-Total . 1.2406 gms




Fr. 7 was found rich in hydroxyl content {vide IR) and
purified next by .preparative tle (solvent system: 50%

ether/pet., ether) to afford 0.0323 gms of the pure

29.5
D

m*: m/e 278 (2.3%)3 85 (100%)3 57 (50%)3 140, 143 (54.7%);
164 (16.68)3 79, 105 (14.3%); 180 (13%); 151, 179 (11.9%);
260 (10.74) 5 237 (4.3%).

alcohal (XITI) n 1.49425 AESOH 299 (g=o815)

Dehydration of tertiary alcohol XIII

Tertiary alcohol XIII (26 mg) was adsorbed on silica
gel IIA (pH; 43 2 gmsj and ailnwed to stand for 2 hrs.
Extraction with ether (10 ml) followed by solvent .removal
gave a product (}8 mq) ideqti?ied'as 7(8)-éahydrUJUVabion

(X)by TLC, GLC, IR and NMR. :



(e

Y1) 31V IAX08YVD- (318 ~ SININOWM- ()7 TAHLIW-(+) 40 WNY103dS ¥l'i-11 9i3

{,_WD) ¥IENNN IAVM )
007 009 008 0001 00z1 0074 0091 008l - 0007 008z 000€ 00SE 0007
7 T T T 1 1 i) | H T T kJ
~ . oSt ped Y
m&:.ommw oowm 0zeL
ol oYyl 1079, i
098¢
I!. !
: <98 o7oL 87gqg €2 >
008 ]
!
T T 1 T T w T T < T _' g _~ T M
g 9 7l Z 0r 06 0'g 0L 03 crnowoim oS oy e o



67

(XT) 2LVIAXOG 3
N,It_q > — X
DBYYI-(3)8-ININOWIT- ()7 TAHLIN- (+) 90 WNYLI3d -
S HING 1211 9l




G

e [X) NOIGVANTOYAQ AH3A =1(8) 4-13)40 WNYLD3dS HI1:e-1I 914
:.‘28 HIGWNNIAYM )
omq - cmm cm; oo.op oaﬁ oo.! oomﬁ o@ﬂ oo.om oo.m~ co_om oc.mm cooqo
(314 24

T Al di d-5 0'p 0 o'y 0's o'y oF Tz
SNOYIIW

(%2} 3ONVILINSNYYHL



Loy

(X) NOIBVANCOYAUAH3A~(8) L~(3) 40 WNHLOILS Y Wd:7-1I 91

0 L z £ ” mAwu Wdd ) L 8

01

4o

t ) 1 { ——




:G-T1.914

0-7

Sz

8l

L13

7

0%

08

0L

09

SNONDIW

0-s

(/) FINVLLINSNY ML

et !
o~ (IX) 3LVYNOY 3O TAHLIW 40 WNYLO3IdS dl
. e (NOINIENANIAYM
007 009 008 000t 00z 001 003 "~ ooal 000z 00s¢ 000€ oose 0007
. . 224 -
{0z
S 752
oot



11

(IX)

FJLVNOYI9 TAHLIW

40 WNYL103dS YWd oI 94

0t

771

§79-¢

mmm.v Wd d 9 l 8 6

1o
fxoo E




o

X 31v1AX0 9 ¥Y0
e ANIXIHOTOAD-1-TALIOV =7 TAHLIW 30 WNHLO3dS BN :4-1T 9l

< BIwdad

;
T

£6-

HI™ M

Y/
/ \\\&.

b2 - 69




o
e

X) m&¢4>xomm<u INIXIHOTOAD-L=TA L3O TAHLIW 40 WNYLIIS

Y1819l

. (WD) 4 IENNNSAYM
007 008 008 0001 00z 0071 0091 gos. . 000z 0052 000€ 00SE 0007
= — T ) e + T T —— Y — , § 0
sid
092l
—
x
»
zZ
wi
x
3
o
4
(g}
m
g
1 oo

(U8 3 st

o "6 ot w ¢ - O 05 o8 o' S rowom 08 o



~3

SNOMIIN

7
[TTAX ) NOIAVANC AXOYHUOJAH=-4 40 WNHLDddS AI:6-1 914
(;_WI) HIEWNNIAVM
8% omw 2_5 8_9 S_ﬁ om.: 8_2 0081 0007 0ose 000¢ 00s€ 0007
¥ T 1
oszL /A" _ . ’
SS6T
0801 o0t ot N mIUNOU 41027
L4114
HO
059l ¢ 00S¢E 109
{09
108
’ D 7l zl 0 06 08 oh.m o._m o_.m o_v o..m m.Mb_

(%) 3ONVLUWSNYY L



L

AmNvazo_m,q\/Dﬁ}xomQ}Ixm 40 WNY1LO03dS dWd-0L-1I 914

v S (8dWdd g
1 i T

N £2°C

5 A

£6-0

wwa m 1 4 1




10.

11,
12,

13,

14.

15.

15

REFERENC ES

E. Guesnther, The Esssntial Dils, Vol., VI, pp.
23%-239; Van Nostrand, New York {1952).

" E. Gildemeister and F. Hoffman, Dis Atherischen 0Ole

{(4th edition, revised by W, Treibs and K. Bournot),
vol. IV, pp. 219-223, Academic Verlag, Bsrlin (1956).

0.0. Robers, 3, Chen. Soc. 109, 791 (1916). ;

J.L. Simonson and Gopala Rao, Indian For, Res. 9,
123 (1922).

Private communication from Dr. K.N, Saxena. ’

B.S5. Pande, Ph.D. Thesis, 1971, Poona University.

S. Krishnappa and Sukh Dev, Tstrahedron 34, 599 (1578).-

B,V. Burger, G.F. Garbes, H,E, Visagie, J.5. Afr. Chem.
Inst. 28(3), 337-40 (1975); C.A. B4, 165054t (19376).

Von Alex Peter Alder, H.R. Wolf and 0. Jeger,
Helv. Chim. Acta 61(7), 2681-96 (1978). .

S, Isoe, 5.8, Hyson, S. Katsumura and T. Sakan,
Tetrahedron Letters 2517 (1972).

T.C. Joseph and S. Dev, Tetrahedron 24, 3809 (1968).

D.R. Aadams, S,P, Bhatnagar and R.,C., Cookson,
J.C.S5. Perkin I 1502 (1975).

R. Shankaranarayan, S. Krishnappa, S.C. Bisarya and
Sukh Dev , Istrahedron 33, 1201 (1977).

W.C. Still, M. Kahn and A. Mitra, J. Org. Chem. 43;
2923 (1978) \

R. Hernandé;, R. Hernandez, Jr. and L.R. Axelrod,
Analyt. Chem. 33, 370 (1961).




